The present study investigated possible benefits of magnesium ion (as MgCl 2 ) in organophosphorus poisoning targeting its ability to interact with substrates and membrane enzymes. Blood samples collected from volunteered healthy adult by venepuncture into anticoagulant test tubes containing EDTA were separated into plasma and red blood cell and divided into three groups namely: normal, pesticide only (0.25-2.0 mmol/L chlorpyrifos) and pesticide (0.25-2.0 mmol/L chlorpyri- ATPase. We concluded that MgCl 2 neutralized effects of chlorpyrifos by promoting normal ATPase activities and inhibiting release of acetylcholine from cell.
Abstract
The present study investigated possible benefits of magnesium ion (as MgCl 2 reduced by chlorpyrifos while MgCl 2 counteracted effects of chlorpyrifos with significant (P < .05) increase in the levels of cholinesterase, Na + /K + ATPase and Ca
2+
ATPase. We concluded that MgCl 2 neutralized effects of chlorpyrifos by promoting normal ATPase activities and inhibiting release of acetylcholine from cell.
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| INTRODUCTION
Pesticides are substances that are used to prevent, destroy, repel, and mitigate a host of unwanted organisms called pests. 1 Pesticides are mostly not selective and their exposure are toxic to many nontargets including humans. The balance between their benefits and possible risks to their nontargets must be considered when they are being used. Organophosphorus pesticide poisoning has being a serious public health concern in developing countries. 2 In northern part of Nigeria where farming is their major occupation, chlorpyriphos is traded under different brand names like Nuvan, perfect killer, Sniper, "Ota-pia-pia" (Hausa) and is being used indiscriminately as farm and household insecticides. Deaths recorded from accidental organophosphorus poisoning are less common than those from intentional poisoning, but are more common in areas where highly toxic organophosphorus pesticides are being used 3, 4 to control pests on the farms, mostly in rural communities, and in the homes in urban areas. Every year, about one million unintentional and two million self poisonings with pesticides occur worldwide, and of these, approximately 200 000 die.
5
Acute organophosphorus pesticide poisoning is a medical emergency. 6 Atropine and oxime are the main antidotes of organophosphorous poisoning worldwide, but their efficacies have been an issue of debate. 5 Although atropine can cause anticholinergic delirium in large doses, in a significantly organophosphorus-poisoned patient, that toxicity is short-lived as the pharmacologic duration of the atro- 
| Blood sample preparation
Blood samples were taken from volunteered healthy adult by venepuncture into anticoagulant test tubes containing EDTA and were used within 1 hour of collection. Plasma was obtained after centrifuging 4 mL of blood sample at 3000g for 10 minutes. Red blood cells were washed 3 times with 2 mL sodium phosphate buffer
The red blood cells were centrifuged between washes at 3000g for 10 minutes. Packed red blood cells were then diluted by hypotonic sodium phosphate buffer (6.7 mmol/L, pH 7.9) to facilitate hemolysis. This was followed by centrifugation at 3000g for 10 minutes. The supernatant was removed and pellet was resuspended in hypotonic phosphate buffer. The plasma was used to determine total cholinesterase activity while aliquots of red blood cell were used to determine total cholinesterase and ATPase activities.
| Determination of cholinesterase activity
Plasma and erythrocyte cholinesterase activities were estimated using electrometric method described by Michel 11 The 50% inhibitory concentration (IC 50 ) was also calculated.
| Determination of ATPase activity
The activity of Na + /K + -dependent ATPase was determined by the method of Bonting,. 12 In this assay, 0.1 mL of different concentra- arrested by the addition of 9 mL of ice-cold 5% TCA and centrifuged.
The amount of Pi liberated was estimated in supernatant at 412 nm.
| Statistical analysis
Data obtained were analyzed using One-Way Analysis of Variance (SPSS version 20.0). Levene statistic was used for tests of homogeneity of variance. Duncan was used for multiple comparisons and homogenous subsets. Results were considered to be statistically significant when P < .05.
| RESULTS
To determine whether magnesium chloride has beneficial effect in organophosphate-induced toxicity or not, we performed this study 
| DISCUSSION AN D CONCLUSIONS
Chlorpyrifos is an organophosphate pesticide widely used to control insect pests on the farms and in the house. Self-poisoning from chorpyrifos use is an important clinical problem in developing world. 6 The present study investigated benefits of magnesium ion (as MgCl 2 )
in organophosphorus poisoning targeting its ability to interact with substrates and membrane enzymes. The method used in this study to measure blood acetylcholinesterase activity is based on hydrolysis of acetycholine. 11, 15 Our study showed that chlorpyrifos significantly (P < .05) reduced the levels of acetylcholinesterase in plasma and on red cell membrane in a dose-dependent manner. Organophosphorus insecticides inhibit acetylcholinesterase by nucleophilic attack on the active site of the enzyme which results in phosphorylation of the serine-OH group in the active site and subsequent inhibition of the enzyme. 7 The formation of OP-AChE complex formed if not reversed quickly leads to a dealkylation process that causes reduction in the levels of acetylcholinesterase as observed in our study.
At this point, atropine and oximes which are common antidotes being used in managing organophosphate insecticide poisoning could not be effective. 7, 16 Magnesium chloride produces divalent cation in solution which lowers pKa of nucleophiles, 17 Increasing concentration of chlorpyrifos in this study significantly (P < .05) reduced activity of Ca 2+ ATPase. The plasma membrane calcium pump requires magnesium for normal export of calcium and keeps intracellular calcium level low. 19 Inhibition of this enzyme by chlorpyrifos causes elevated intracellular calcium, 20 increased exocytosis of acetycholine, and is associated with signs and symptoms of neuropathy seen in organophosphate toxicity. 21 Magnesium chloride which is widely used inorganic salt in chemistry and molecular biology as a source of magnesium ion 22 is an important cofactor in many enzymes, including Ca 2+ ATPase. Magnesium chloride in this study significantly (P < .05) increased the activity of Ca 2+ ATPase, which might have led to decrease in intracellular calcium and indirectly inhibited acetylcholine release from the cell. The results of our study concluded that chlorpyrifos toxicity inhibited acetylcholinesterase, Na + /K + ATPase and Ca 2+ ATPase activities. MgCl 2 on the other hand neutralized effects of chlorpyrifos poisoning by promoting normal ATPase activities and inhibiting release of acetylcholine from cell.
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